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INTRODUCTION

This is the second report to be issued on Contract 19{(604)3473,

This contract was issued by the Geophysics Research Directorate of
the Air Force Cambridge Research Center to obtain data concerning
the radiant intensity of the infrared sky background and to measure
the amplitude of the sky gradient. As a part of this coniract, a
measurement field trip was made to Key West, Florida, during the
month of June 1959, for the purpose of making sky background
measurements in cooperative participation with IRMP 59/60. This
report contains only the gradient measurements made on this field
trip along with enough description of the insirumentation to under-
stand the methods of obtaining the data. Immediately following this
report, Report No. 3 will be issued describing the radiometric data
obtained at Key West, after which will appear the 4th and final re-
port which will include certain analyses of the data, a pussible

mathematical model, and some conclusions.
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DESCRIPTION OF INSTRUMENTATION

The gradient daia presented in this report was obtained with
an instrument which can function as a radiometer or a gradient
meter. Only the gradient meter function will be described here.
Complete descriptions of the equipment design will be found in the
reports appended in the reference list.

The method used to take gradients consists simply in develop-
ing an electrical function analagous to the background function and
then performing a Fourier analysis of this electrical function. The
electrical function is developed by scanning the background in a
repetetive manner with a sensitive detector in a small field of view.
The instrument presently used for this purpose scans in small
circles up to 6 degrees in diameter by setting the primary collector
off-axis and rotating it about the instrument axis. This produces
circular scanning determined by the nff.axis setting of the mirror.
Fixed on-axis, in the focal plane, is a small lead sulfide cell. The
focal plane is rotated by the off-set mirror and the cell output is
proportional to the differences in intensity encountered in the cir-
cular path about the focal plane. The primary collector is a sphere
mirror 4 inches in diameter with a focal length of 8 inches. The
lead sulfide cell is . 020 x . 020 inches, Due to occlusion by a
secondary mirror, the effective aperture is f/3.5. The instan-
taneous field of view is determined by the PbS cell and is 2.5 x 2.5
milliradians.

The block diagram below is descriptive of the complete sys-
tem. The cell output is amplified by a preampliuier and fed directly
into a Panoramic Sonic Analyzer. The input to the analyzer is
observed on an oscilloscope to make certain that no limiting occurs
in the preamplifier, and attenuators are provided to decrease the
gain whenever necessary. The data is recorded by photographing

the cathode ray tube of the analyzer with a Polaroid Land Camera.




v

Gradient Attenuator Panoramic | Polaroid
Meter X1 X.0t Preamplifier Sonic Land
X.1 X.001 Analyzer Camera
Oscilloscope

The raw data obtained in this fashion gives voltage amplitude in terms

of cycles per second and it is necessary to apply certain calibrations

and correction factors to determine the amplitude in absolute radiance

units and the frequency in terms of space units.




DATA REDUCTION

In space frequency, the basic variable is inverse angular
dimension {or linear) and the units are usually expressed as waves,
or cycles, per radian. Waves per radian are the units which have
been chosen as the frequency ordinate in presenting the data in this
report. The fundamental space frequency, or lst wave number, is
determined by the length of one scan in radians, This is dependent
upon the angular diameter of the scanning circle. The scanned
circle is a small circle in the sky dome and '.s circumference in

radians is given by

~ . 6
¢ = 21 Sin 5 (1)
where ¢ is the circumference of the scanned circle

in radians

and © is the diameter of the scanned circle in
degrees.
The iundamental is l__wa._v%__ or 3.04 waves/radian
2w Sin > for & = 6 degrees

Converting this to cycles per second is simply a matter of
multiplying by the scan velocity., The mirror rotates at 10 R. P. S.

therefore it makes | revolution in 0.1 seconds. From {l), the scan

length is 0. 3282 radians and the velocity is 3. 288 radians per second.

3.04 waves/radian x 3. 288 radians per second gives 10 cps for the
fundamental space frequency of 3,04 waves/radian. The second
harmonic, or wave number 2 will be 6. 04 waves/radian at 20 cps,
etc, The relationship between cycles per second and waves per

radian is shown in Figure |,
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CONVERSION CHART

CYCLES/SECOND TO WAVES/RADIAN
FOR VARIOUS SCAN DIAMETERS
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Figure 1. Conversion Chart - Cycles per Second to Waves per Radian




The resolution of the gradient meter can be affected by the
angular subtent of the field stop, the optical resolution of the sys-
tem, the time response of the detector, and the bandwidth of the
analyzer. These will be discussed in order to develop the method
used in calibrating the instrument and reducing the data to absolute
energy units.

The field stop is the aperture in a focal plane which limits an
instrument to a certain definite angular field of view. In this case,
the cell is the field step, it is square, and subtends a field of view
2.5 x 2,5 milliradians. The field stop acts as a low pass, space
frequency filter and has the same frequency transfer function as an
electrical square pulse, with the exception that the basic variable
is inverse angle {¢) instead of inverse time (t). If the field stop is
represented by

1

7

o [o<T

o, [7317——2:'

T 3
(2)

then the transform is:

Sin (327_'/)
Flw) =

(3)

where

2T n

\\

width of glit in radians

=
H

the harmonic number of the frequency where the
transfer function is evaluated.

6,




Inspection of (3) shows that when w = 2%, F{w) becomes zero.
This occurs whenn = 1. Zeros occur forn =1, 2, 3, etc.

To say that n = { means that the angular wavelength passing
across the slit is equal to the angular width of the slit. If, for
instance, a slit is carried across an intensity variation whose angular
wavelength is equal to the angular slit width, there will be nc change
in the total light transmitted by the slit. The slit, therefore, sup-
presses this variation entirely and will do so when the slit width
is equal to two, three., four, etc., wavelengths. For these wave
numbers, the transfer iunction is zero. It can be seen that the gen-

eral form of the trsn.rcier function is Suel 0 . This curve produces

minus values which should be interpreted in the transfer function as
a 180 degree phase reversal of the component. Since the gradient

meter is sensitive to amplitude only and not phase, it is better to

Sin 8
e 3

with all values being plotted in a positive direction. This general

consider the general transfer function as the absolute value of

transfer function for any slit is plotted in Figure 2.

The frequency transfer function for the field stop in the gradient
meter is illustrated in Figure 3. At n = 1, there is one wave per
2.5 milliradians field stop width. This is a frequency of 400 waves
per radian. Taking n = 0.5 produces 200 waves per radian. Figure
3 shows the field stop transfer function only to the first null at 400
waves per radian because it is not used much beyond the point where
it drops below 70%. After this point, the drop-off becomes so steep
that the frequencies are attenuated below the instrument noise level.
The curve in Figure 3 is used to correct the data in the same fashion
that any electrical filter function is used.

The frequency transfer characteristic for the blur circle, or
angular resolution, of the optical system is treated in exactly the

same manner as for the field stop. Theblur circle is round, however,

7.
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instead of square, and, by measurement, is 0.5 milliradians in

diameter. The characteristic function is usually given as,

where

4 24 .2 +
, 2 \‘1-(—,{5—) |¢]<—2—

T £(8)=
S T
T ° T
the transform of this is described as,
27, (=1
Flw) =
wT
(2T

This function goes to zero when n = 1. 22, but the blur circle is 0.5
milliradians in diameter and at n = 1, 22, the space frequency is
2440 waves per radian. A plot of the transform for the blur circle

is sketched as follows:

/98.8 %
W
g ,,0
Ay
b
5
T
<
ﬁ | i 1
200 Jooo 2000 2440

WAvVES PER RADIAN




The transmission is 98.8% at 200 waves per radian, and

increases with decrease in waves per radian. In view of these

considerations, no correction has been applied to the data to account

for effects of the blur circle of tle optical system.

The detector affects the measurements in that its response
drops off with frequency. The frequency response must therefore
be applied as a correction to apply in the data reduction. This
was measured in a setup using a blackbody and a variable speed
chopper. The resulting frequency response curve is shown in
Figure 4.

The sonic analyzer has a constant bandwidth over a linear
frequency scale. The scale used to record gradient meter data
was from 10 to 500 cps. The resolution is defined by the manu
facturer as '"'the frequency separation of two signals of equal
amplitudes, the deflections of which intersect 0.5 down from
their peak amplitude. When scanning linearly through 500 cps,
signals resolve at 53 cps.'" The manufacturer further states that
the low frequency response of the instrument is 40 cps.

The fundamental frequency generated by the gradient meter
is 10 cps and any function generated is composed of frequencies
separated by 10 cycles. With a resolution bandwidth of 53 cps,

then 5 frequencies are present. Four of these are contributing

in some respect to the amplitude of the bandpass center frequency.

Additionally, the spectrum is always of the form ?1- with a slope
generally between -1 and -2.

The sonic analyzer was first carefully checked and adjusted
to have a necarly flat frequency response from 10 to 500 cps. It
is only possible to do this by slowing the sweep rafe to one sweep
per 10 seconds. This is accomplished through a triangular wave

generator supplied as an accessory to the Sonic Analyzer. A
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Figure 4. Frequency Response of PbS Cell - Gradient Meter.
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A frequency response check shows the analyzer to be flat from 30 cps
but down to 75%, or about 3 db at 10 cps. Measurements were then
made upon the instrument response when presented with two signals
of equal amplitude whose frequency separation was some multiple of
10 cycles., This was done in the flat frequency response area. The
frequency separation was varied and the resulting response curve is
shown in Figure 5, This was done in order to prove the constancy of
the bandwidth., The sonic analyzer was then presented with an input
of 5 frequencies with 10 cycle separation and with a slope of - 1,5,
The relationship between the known input and the output gives the
correction factor for the center frequency. This was repeated for
all center frequencies across the scale. The measurements were
repeated for input slopes -1.4, -1.3, and - 1,2, The results repeated
very closely with the largest discrepancies i:eing of the order of 2%
around 30 cycles per second. The correction factor used in reducing
the data, based on this measurement, is presented in Figure 6. The
dip in this curve at about 9 waves per radian is due to the drow in
frequency response of the analyzer, while the rteep rise towards 3
waves per radian is due to the 1act that n.- frequencies are present
below this point. This has the effect{ of narrowing the bandwidth at
this end of the spectrum.

To calibrate the gradieni meter, it is necessary to present it
with a background of known intensity gradation where the amplitude
of the fundamental is known, so that an instrument sensitivity can
be assigned to this fundamental. 'This instrument sensitivity will
then be valid for all parts of the spectrur: when all of the previous
corrections have been applied. The low tammperature blackbody
was apertured to 4 inches in diameter by a mask of sufficiently large
dimensions that the gradient meier would scan acroes either the

blackbody or the mask. The gradian! maier was positioned at

10
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a distance of 4 feet and aligned so that at some point in its sweep
the instantaneous object field, also 4 inches in diameter, would
coincide with the blackbody aperture. With the scanning circle
set at a 6 degree diameter, the optical axis will sweep a 10 inch

diameter circle 4 feet from the instrument. (See Sketch) A plot

of the area of the blackbody visible to the scanner versus the angular

rotation, 8, for one scan sweep is also a plot of the wave produced
by the inestrument due to the difference in brightness between the
blackbody and the mask. Observation of this wave on an oscillo-
scope helps to adjust the alignment of the set-up. Analysis shows
the peak amplitude of the fundamental wave to be . 437 times the
peak amplitude of the total wave. The amplitude of the fundamental
is read on the analyzer in R. M. S. volts. The calibration was per-
formed with the blackbody at 100°C and the mask at 27°C. In this
manner, an instrument sensitivity was determined of 5.5 pu.o/cmz/
steradi:—:m/R. M. S. volt for the fundamental wave, referred to the

sonic analyzer input.

16; :iL::Z.IOf Ly - Blackbody

Axis \\/ /Ape rture
A i
: ‘f//‘/ / .
/‘H:,’\/Area of Blackbody
P Visible to

—_ Gradient Meter
Instauntaneous

Field of View -
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GRADIENT DATA

All of the gradient data taken at Key West, Florida, has been
reduced and is tabulated at the end of this report. The units used
for amplitude are given as microwatlts per square centimeter per
steradian per unit wave per radian, for the spectral region below
3 microns. The chart is read by starting with any run number in
the left hand column and reading completely across the page in a
horizontal line. First is the time of day the run was taken, then
azimuth and elevation of the background observed, reckoned from
the instrument. The remaining columns give the radiance for
several frequencies in waves/radian given as the headings of the
columns at the top of the page. Also at the top of the page is given
the date and the type of background. Only three classifications
have been used for backgrounds. These are, (1) Blue Sky, (2)
Clouds, and {3) Cloud and Sky. These simply mean ttai the scan-
ning was done (i) completely on blue sky, (2) completely on cloud
with no sky, and (3) on cloud edges, or across cloud and sky.

For the whole measurement period, excepting June 19th, the
weather was clear with many clouds. The clouds were all cumulus,
quite large and billowy and the sky was very blue, visibly. This
was a condition following the break-up of a severe storm which
occurred June 20th. June 19th, -he day preceding the storm, was
completely overcast with dark clouds and, to the naked eye, gray
and quite featureless.

Parameters measured during the measuring period were
ambient temperature, relative huvmidity, and barometric pressure.
The se are given in Figure 7. Of interest also is the spectral band
in which the measurements we: & taken. The measured spectral

response of the lead sulfide detector is given in Figare 8. This is

12.
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RELATIVE RESPONSE
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Figure 8. Spectral Response of PbS Cell - Gradient Meter.




a constant energy response curve, i.e., the response of the cell
to a constant temperature blackbody has been divided by the black-
body emission curve.

The gradient meter was located in azimuth using a compass,
therefore all the azimuth angles are with reference to magnetic
north from Key West. The magnetic declination at Key West is
2.5° East and this must be subtracted from all azimuth readings
to obtain reference to true North. Time of day given in the data
charts is local standard time at Key West. Figure 9 plots the Solar

altitude for the local standard time.

13.
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